| INTRODUC TI ON
Mild cognitive impairment (MCI) is a transitional condition between normal cognitive function and a clinical diagnosis of dementia.
1
Previous studies have reported that its prevalence ranges from 3% to 23 .4% among individuals aged ≥65 years. 2, 3 Individuals with MCI show a high risk of progression to dementia 2 as well as disability, 4 which could lead to a significant social and financial burden. 5, 6 Identification of individuals at risk for MCI is thus important for planning strategies to delay or prevent the onset of dementia and disability in later life.
A putative link between periodontitis and cognitive impairment/ dementia has been reported. [7] [8] [9] [10] [11] [12] [13] [14] [15] There are several possible underlying mechanisms for this association. First, periodontitis can pose a chronic systemic inflammatory burden through the presence of elevated levels of inflammatory mediators, such as interleukin-1β and tumor necrosis factor-α. Additionally, periodontal bacteria and their components, such as lipopolysaccharide (LPS), can enter the systemic circulation in patients with periodontitis. 16 These inflammatory mediators and bacterial components may activate brain-resident microglia to evoke neuroinflammation, which ultimately contributes to cognitive impairment. 17 This theory is partly supported by a study that demonstrated the presence of LPS from Porphyromonas gingivalis in the 12-h postmortem brain tissue samples from Alzheimer's disease cases. 18 Second, periodontitis is reported to be associated with endothelial dysfunction, 19 which plays a role in the pathogenesis of vascular cognitive impairment.
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An increasing number of studies have been conducted to examine the association between periodontitis and cognitive impairment/ dementia; [7] [8] [9] [10] [11] [12] [13] [14] [15] however, recent systematic reviews have revealed that the evidence is insufficiently conclusive. 21, 22 To the best of our knowledge, no study has investigated the longitudinal association between periodontal status as determined from detailed clinical evaluations and MCI in the community-based population.
Investigating the longitudinal association between periodontitis and MCI is important to gain insight into periodontitis as a potential modifiable factor for developing MCI. Since periodontitis is largely treatable, such insights may in turn lead to the development of new strategies, from a dental perspective, to reduce the burden of MCI. Therefore, we conducted a 5-year prospective study using full-mouth periodontal examination data obtained at baseline and cognitive examination data obtained at baseline and multiple intervals subsequently. The aim of this study was to determine whether periodontitis and periodontal inflammation were associated with incident MCI among community-dwelling Japanese older adults after adjustment for important confounders.
| MATERIAL AND ME THODS

| Study design, setting, and population (Figure 1)
The present investigation was designed as a 5-year longitudinal study. Data were obtained from the Tosa Longitudinal Aging Study (TLAS). 23 Briefly, the TLAS is a community-based longitudinal study on comprehensive geriatric functions that started in 2004.
Comprehensive geriatric assessment, including cognitive examination, is annually conducted for the ≥75-year-old residents of Tosa town, Japan. In addition to annual comprehensive geriatric assess- 
| Oral health examinations
Two qualified dentists determined the number of teeth using sufficient artificial illumination. They also assessed the probing pocket depth (PPD), gingival recession, and bleeding on probing (BOP) at six sites on every tooth by using a constant pressure probe (Vivacare The PISA reflects the surface area of bleeding pocket epithelium in square millimeters, which can quantify the amount of inflamed periodontal tissue. 24 As a continuous exposure variable, the PISA was included separately in the individual statistical model investigating the association between periodontal inflammation and MCI.
| Cognitive examinations
Cognitive examinations included a screening test for cognitive impairment and assessments for the diagnosis of dementia and MCI.
First, participants underwent the Mini-Mental State Examination (MMSE), which is a commonly used screening tool. MMSE scores range from 0 to 30, and higher scores indicate better cognitive performance. 28 The MMSE was carried out by the TLAS survey staff The secondary outcome variable was the MMSE score at follow-up.
| Data collection for other variables
Data regarding the following variables were collected using selfadministered questionnaires at baseline: age, sex, smoking status, drinking habits, physical activity, education level, hearing ability, hypertension, and diabetes. Smoking status was categorized as follows: "current smokers" were those who smoked cigarettes at the time of the baseline examination; "previous smokers" were those who had previously smoked cigarettes, but did not currently smoke at the time of the baseline examination; and "never smokers" were those who had never smoked cigarettes in their lifetime. Information on the level of cigarette consumption and duration of smoking was not obtained. Since only 4% (n = 7) of the participants were categorized as current smokers, we combined the current and previous smokers' data for the analyses.
Drinking habits were categorized as being a daily drinker or not. Body mass index (BMI) was calculated using height and weight measurements obtained during anthropometric evaluations. Obesity was defined as BMI of ≥25 kg/m 2 . Depression was diagnosed by neurologists during their examinations for dementia and MCI.
The aforementioned variables were collected because they have been previously reported as being associated with oral health and cognitive function 15, 31 and therefore may confound the association between periodontitis and MCI.
| Statistical analyses
Comparison of baseline characteristics according to periodontal status was performed by Student's t test, Mann-Whitney U test, or chisquared test, as appropriate.
The demographic and clinical characteristics were compared between groups with and without participation in the follow-up assessment. Inverse probability weighting (IPW) was then performed using variables that demonstrated differences with a significance level of P < 0.1 between groups. IPW was used to adjust for selection bias due to the attrition during follow-up.
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As primary analyses, we generated multilevel mixed-effects logistic regression models to assess the association of baseline periodontal status with the binary outcome: having or not having an incident diagnosis of MCI at follow-up. Multilevel models were used to account for correlations between follow-up visits for the same participant. The median odds ratio (MOR) was calculated as a function of cluster variance.
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After the primary analyses, the relationship between baseline periodontitis and the MMSE score changes during the study period was analyzed using a multilevel linear mixed-effects model with a random intercept and slope. A random slope was added because the likelihood ratio test (LRT) indicated a significant improvement of model fit. An unstructured covariance matrix among serial MMSE scores was assumed. To assess the differences in the MMSE score changes by baseline periodontitis, interaction terms between periodontitis and follow-up time were generated.
Models were adjusted for the following factors: age, sex, smoking status, educational level, physical activity level, obesity, depression, and diabetes. This adjustment set was determined by directed acyclic graphs (DAGs), which were used to illustrate the hypothetical causal relationship between exposure and outcome. The DAGs can identify a minimal sufficient adjustment set to obtain an unconfounded estimate of the causal effect of exposure on the outcome, without adjusting away indirect effects via mediators. 34, 35 The DAGs in our study ( Figure S1 ) were constructed on the basis of previous studies. 20, 31, [36] [37] [38] Accordingly, the aforementioned eight factors were suggested by the DAGitty software (Theoretical Biology & Bioinformatics Group, University of Utrecht, http://dagitty.net).
Analyses were performed using stata version 15.1 (StataCorp, College Station, TX, USA). A two-tailed P-value <0.05 was considered statistically significant.
| RE SULTS
Three hundred and thirty-three individuals aged ≥75 years were enrolled in the TLAS 2010/Dental TLAS. (Table S1 ). However, compared to the study participants (n = 179), those that did not participate in the follow-up assessments (n = 48) were older and were more likely to be physically inactive and have hearing loss. Variables that demonstrated differences with a significance level of P < 0.1 between the groups were age, physical activity, education level, hearing ability, and obesity. These variables were used for the IPW calculations. TA B L E 2 Number of participants, participation rate, prevalence of MCI, and MMSE score at each follow-up examination During the study period, one participant was diagnosed as having dementia. In sensitivity analyses, the ORs for MCI (presented in Table 3 ) and MMSE score changes (presented in Table 4 ) according to baseline periodontitis were estimated after excluding this participant. Essentially, similar results were obtained from these analyses (data not shown).
| D ISCUSS I ON
In this longitudinal study among community-dwelling adults aged ≥75 years, we investigated the effects of periodontitis and periodontal inflammation on the incidence of MCI. Compared with the absence of severe periodontitis at baseline, the presence of severe periodontitis at baseline was significantly associated with a higher OR for MCI over a 5-year period. A larger degree of periodontal inflammation at baseline, evidenced by higher PISA scores, was also significantly asso- distinction is that our outcome includes MCI, which has attracted attention because of its increasing prevalence and association with a high risk of dementia and disabilities. 2, 4 The observed associations between periodontitis and cognitive impairment appear to be biologically plausible. It has been suggested that sites of periodontal infection could be significant sources of inflammatory mediators and bacterial components, which may enter the central nervous system and cause neuronal damage. 17 Although the evidence supporting the potential association between periodontitis and cognitive impairment is increasing, the results from previous studies are not consistent with those from several studies 11, 12, 14 that did not find any significant association between periodontitis and cognitive impairment. It should be noted that there is not enough evidence to draw definite conclusions; 21, 22 additional well-designed research is warranted in this field.
Several limitations of this study merit consideration. First, this study is the subset study of the TLAS. The TLAS 2010 included 34.7% (n = 333) of the targeted population (n = 960). Because there was no information on the periodontal status and cognitive function of those who did not participate, we could not compare the characteristics between the participants and non-participants. Therefore, the current study results should be interpreted with some caution because the low response rate may limit their generalizability to the wider community. Second, only baseline information for periodontal status was available and, therefore, we could not take into account subsequent changes in periodontal health, for example, by receiving periodontal treatment. Third, even though our analyses were adjusted for the various potential confounding variables evaluated, residual confounding due to unmeasured variables, such as the apolipoprotein E genotype, social isolation, 31 or glycated hemoglobin level (as an indicator of glycemic control in patients with diabetes), 42 or due to unexpected confounding, may exist. Finally, we were unable to obtain information on inflammation level; therefore, we could not assess whether the participants with severe periodontitis were actually in chronic inflammatory status. Overall, our findings should be verified in future studies that include a collection of such data and be conducted in large general populations. Furthermore, the opposite direction of the association (ie, that cognitive status affects periodontal health status) should be investigated in future studies.
In summary, our study demonstrates that severe periodontitis and periodontal inflammation are associated with incident MCI among community-dwelling Japanese men and women aged ≥75 years.
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